ABSTRACT. We discuss the radiocarbon chronology of Late Pleistocene archaeology in the Japanese islands. In sum, 429 samples from more than 100 archaeological sites were compiled and then divided into three periods and four stages. The Early Upper Paleolithic, characterized by Trapezoid industries, lasted during approximately 34-26 ka. The Late Upper Paleolithic period includes both the backed-blade stage and point-tool stage, the latter appearing chronologically later than the former. This stage covers ~25-15 ka. The Final Upper Paleolithic and Incipient Jomon are distinguished by the appearance of microblade industries and the emergence of pottery at the end of this period. This period covers approximately 14-12 ka. The microblade tradition, in the broadest sense, is strongly connected to the background of peopling of the New World. New data on the transitional stage from the Middle to the Upper Paleolithic are also discussed in regards to three archaeological sites. Issues on the application of the 14 C calibration to the whole Japanese Upper Paleolithic are critically evaluated.
INTRODUCTION
The intent of this paper is to clarify the background of the peopling of the New World in relation to the archaeological records, with particular emphasis on radiocarbon dates from the Japanese islands. Chronometric foundations of the Japanese Upper Paleolithic have been developed during the last three decades. Compilation of 14 C dates, together with the stratigraphic sequence of lithic industries, illustrates the board-spectrum of the background of the topic (Kuzmin et al. 1998 ).
Some framework should be noted. First, we discuss the Japanese Upper Paleolithic in as simplified a way as possible in an attempt to summarize and focus on the relevant subjects. Second, we limit the geographical area within the Japanese islands. Although this area reflects only the boundaries of the present nation state, we have kept this framework because most of the Japanese Paleolithic research has been carried out in this field since 1949. Third, the time range of this paper covers the final phase of the Middle Paleolithic to the entire Upper Paleolithic and Incipient Jomon, i.e., the latter half of OIS3 to the end of OIS2. The criterion for the subdivision of the Japanese Paleolithic are controversial in regards to whether they should be divided into three or two periods (Sato 2001) . The term used here, "final phase of the Middle Paleolithic" indicates in any case a phase before the emergence of the blade technique. Fourth, the 14 C results cited in this paper are uncalibrated dates despite the conventional or accelerator mass spectrometry (AMS) determinations. Prior to the advent of AMS, conventional 14 C dates for the Upper Paleolithic in Japanese islands were of variable quality.
THE PRESENT STATE OF RADIOCARBON DATING
The number of Pleistocene sites in the Japanese islands has been estimated at 4500. Each year, more than 100 additional sites are excavated. However, not many of these sites have been dated by the 14 C method (see Table 1 in Appendix).
Almost all Japanese Late-Pleistocene archaeological sites belong to the Upper Paleolithic with the exception of some Middle Paleolithic sites (Ono et al. 1992 ; Japan Association for Quaternary Research 1987). The reasons why there are few examples of 14 C dating in the Late Pleistocene of the Japanese islands are as follows.
First, the establishment of the local chronology within the Japanese islands has to be mentioned. Many Upper Paleolithic sites have been excavated since the first Paleolithic excavation was carried out at the Iwajuku site in Gunma Prefecture in 1949. The massive volcanic eruptions in the Pleistocene are traceable in many archaeological layers. Extensive studies of the tephrochronology have clarified the distinctive cultural layers in thick loam with many marker-tephra (Machida and Arai 1992) . Widely distributed key tephra covered almost all the Japanese islands and they functioned as the time-marker. Archaeological artifacts from different areas have been combined and given exact chronological positions (Machida et al. 2000) . At the same time, the archaeological chronology of each area has been completed by the progression of techno-typological studies of lithic artifacts.
Second, the persistent condition of carbonized materials for 14 C dating in the Japanese Late Pleistocene under the periglacial environment provides fewer advantages for preservation. Cultural layers consist of acid soils that originated from volcanic ash, and no organic materials such as wood or bone are preserved at all. In the early period of 14 C dating, results often conflicted with the archaeological chronology. At that time, the effectiveness of 14 C dating was questioned by many archaeologists because of the inconsistency of sampling bias and preservation issues before the 1970s.
Third, Japanese Paleolithic research began in pursuit of the regional chronology, and comparative studies between neighboring Asian countries were not active before the 1980s. Over the past two decades, research developments in China, Korea, and the Russian Far East have forwarded the development of intercontinental chronological comparison both by morpho-typological and 14 C dating.
KEY RADIOCARBON DATES OF THE UPPER PALAEOLITHIC

Chronology of the Upper Paleolithic in the Japanese Islands
Upper Paleolithic chronological studies have been advanced in most areas that have well-stratified thick loam layers made up of volcanic ash, aeolian dust/or loess from China, and fine sand blown in from river terraces near the studied area. In the central part of the Japanese islands, and in the Tokyo area in particular, detailed chronologies have been established both on a stratigraphic and a morphotypological basis. The widely distributed key marker tephra provides excellent chronological synchronicity among separated areas. The basic chronological sequence of the Upper Paleolithic follows four stages: 1) in the early phase, trapezoid industries covered whole Japanese islands; 2) backed-blade industries became common and stable during the early-to-later phase of the Upper Paleolithic; 3) point-tool industries have developed particularly in Central Japan; and 4) microblade industries have successfully spread over the Japanese islands until the emergence of incipient Jomon cultural elements.
The distinction between the Early and Late Upper Paleolithic is characterized as the formation of local varieties of lithic assemblage and social change, reflecting settlement patterns, and this occurred in the middle phase of the backed-blade sequence.
The huge volcanic eruption occurred from the Aira caldera, south Kyushu, in the following sequence. The eruption spread volcanic ash over most of the Japanese islands as well as the Korean peninsula, a part of east China, and southern Primorye in the Russian Far East. This key tephra is called Aira-Tn tephra (AT), which is critically important for the Upper Palelithic chronology. Recent AMS determination of the AT-tephra was found to be 25-24 ka (Japan Association for Quaternary Research 2000). This time range coincides well with the transition from OIS3 to OIS2, which includes LGM period. Key 14 C dates are compiled in Table 1 . The table lists 429 samples from more than 100 archaeological sites. Figure 1 shows the chronology of Upper Paleolithic development of lithic assemblage. 
Early Upper Paleolithic: ~34-26 ka
The earliest period of the Upper Paleolithic is distinguished by trapezoidian lithic industries of in which trapezoids and edge-round stone tools were used (Sato 1992) . One of the representative sites from the Kyushu, the Ishinomoto site (Figure 1:16) , is AMS dated to 31,460 ± 270 ~ 33,720 ± 430 BP (Ikeda 1999) . Sixty edge-ground stone tools (axes) and many trapezoids have also been excavated from the early Upper Paleolithic site Hinatabayashi B (Figure 1:17) in north-central Japan. Its AMS determination was 27,940 ± 200 ~ 31,420 ± 280 BP . These 14 C dates suggest that the beginning of the Japanese Upper Paleolithic is older than 30 ka.
In the later phase of the early period of the Upper Paleolithic, Hatsunegahara, a unique open-air site, explicitly showed that 56 trap-pits with almost 1.5-m depths have been unearthed beneath the AT tephra horizon. These provide key evidence for re-evaluating the site function as well as the hunting system in the Upper Paleolithic. 14 C dates detected from the bottom of one of these pits show 27,200 BP and 29,750 ± 210 BP (Suzuki and Maejima 1999) . The foundation of these trap-pits can therefore be suggested between 27 ka and 25 ka.
In the western part of the Japanese islands, an industry from the lower cultural horizon of the ItaiTeragatani site is a representative one that belongs to the later phase of early Upper Paleolithic. 14 C dates from this site were 24,700 ± 250 BP and 26,000 ± 350 BP (Yamaguchi and Kishimoto 1991). Though the edge-ground stone tools (axes) and backed-blades have been excavated from this site, a specific "Setouchi technique," characterized by an oblong blade-detaching or a side-blow flaking technique, in western Japan in particular, had already emerged in its germinal stage.
The foundation of the "Setouchi technique" could threfore suggest that it can be set back to 26-25 ka. Contrary to the "Setouchi side-blow technique", the blade technique was developed in the latter half of the early Upper Paleolithic in eastern Japan.
Late Upper Paleolithic: ~25-15 ka
After the huge AT ash fall, i.e., in the latter half of the Upper Paleolithic, the upper cultural layer of the Itai-Teragatani site contains backed blades and many denticulated points (Kakusuijo-sekki). 14 C measurement of the peat layer, which is included these lithic industries, indicates 22,700 ± 330 BP and 20,400 ± 260 BP. The Tomizawa site in northern Japan also belongs to the latter Upper Paleolithic. A buried forest was discovered at this site with backed-blades and a fireplace. This is a unique hunting site that has great potential for reconstructing the paleoenvironment and human activities in the Upper Paleolithic (Ota 1992). 14 C dates from the site are 23,870 ± 860 BP and 19,430 ± 400 BP, and these fall in the LGM period. In the same horizon around Tomizawa, the subarctic coniferous buried forest of Picea has been excavated. There, droppings of Shika deer (Cervus nippon) and the fossils of insects that lived in the aquatic environment have been found.
After backed-blades diminished in the later Upper Paleolithic, point-tool industries came about mainly in central Japan. These bifacially retouched leaf shape points are usually about 10 cm long. Two dwelling structures were recently excavated at the Kogure-Higashi-Arayama site in Gunma Prefecture and at the Tana-Mukaihara site in Kanagawa Prefecture. The two dwelling sites belong to the point-tool industry and AMS determination indicates that the former is 17,950 ± 60 BP , and the latter are 17,650 ± 60 and 17,630 ± 50 BP (Tsuji 2000). As a result of these measurements, point-tool industries can be dated back to about 18-17 ka. . Direct AMS dating of carbon adhesions on the earliest potsherds shows that the emergence of pottery in the Japanese islands dates from ~13,000 BP.
It should be emphasized that the Upper Paleolithic of the Japanese islands began before ~30 ka and developed for over 20,000 years before diminishing in the transition to the Jomon age at about 13 ka.
DISCUSSION
The Origin of Blade and Microblade Technology in Hokkaido: Kashiwadai 1 Site
Hokkaido is located at the northern tip of the Japanese islands. The soil formation there was not well developed in the later Pleistocene. Lithic artifacts from different periods, therefore, were sometimes unearthed from the same layer. Recently, however, the result of good carbonized materials of AMS determination from fireplaces allows one to re-examine the chronology of the microblade industry that had been established mostly by typological classification of cores and reduction technology.
In the case of the Kashiwadai 1 site, Chitose City in Hokkaido, the carbonized materials of 13 samples were found in fireplaces associated with lithic concentrations and Rankoshi-type microblade cores. AMS results are 20,790 ± 160 to 19,840 ± 70 BP. The mean value is ~20,500 BP (Hokkaido Center for Archaeological Operations 1999). This indicates the Rankoshi-type microblade core is older than the Shirataki type.
The detaching face of the Rankoshi type is set on the long axis, but the Shirataki type is set on the minor axis. This change so far seemed to be caused by gradual evolution of the effective utilization of raw materials. Furthermore, the blade technique is evident in the initial flaking stage of the Rankoshi micro core production in Kashiwadai 1 Site. Therefore, the emergence of the blade technique in Hokkaido suggested that it was older than 20 ka. The first appearance of microblade industry in Hokkaido, in this context, seems to show no large time discrepancy compared to East Siberia, and inflow of microblade industries to Hokkaido was comparatively earlier than in other parts of the Japanese islands. Hokkaido microblade industries might have shared the same cultural traditions of East Siberia. These cultural traditions, in the broadest sense, are strongly connected to the theme of peopling the New World crossover to the Beringia.
New Data on the Transitional Stage from Middle to Upper Paleolithic
The Lake Nojiri Site Group Lake Nojiri in central north Japan lies in the flat highland of the northern Fossa Magna at 654 m above sea level. The Nojiriko Formation is divided into three members: the Lower, Middle, and Upper, with marked inconformities. Furthermore, each member is subdivided into three or four parts. The chronometric framework of the Nojiri-ko Formation can be attributed as follows by AMS determination: the Lower Member covers ~50,000-42,000 BP, the Middle Member covers ~42,000-35,000 BP, and the Upper Member covers ~35,000-12,000 BP (Sawada et al. 1992 ). The Tategahana site on the shore of Lake Nojiri is, in particular, is unique with well-preserved organic materials.
Most of the mammal fossils are made up of two species. Bones of Naumann's elephant (Palaeoloxodon naumanni) represent 91.9%, and Yabe's giant deer (Sinomegaceros yabei) form 7.9% of the total mammal fossils. This faunal assemblage suggests that the selective big game hunting by Paleolithic hunters reflected the composition of the faunal remains. Lithic tools and flakes such as scrapers and drills have been excavated with bone materials in the same layer. In the Middle Nojiri-ko, Member I in particular, a bone cleaver and refitted bone flake with retouched base, and refitted bone chips were also found at same concentration. All bone tools were made by direct flaking, but the so- Yokomine C, Tachikiri, and Ushiromuta Sites At Tanegashima island, in the ocean to the south of Kyushu, three pebble clusters, some pounding stones, and pebble tools were excavated from the early Upper Paleolithic cultural layer I (Dogome 1998). AMS dates for carbonized materials from the pebble clusters are 31,280 ± 690 and 29,670 ± 540 BP. Another AMS determination from cultural layer II is 30,490 ± 590. The stratigraphic level of this horizon is just above the Tane IV volcanic ash, and found three pebble clusters and anvil stones, pounding stones, grinding stones, and flakes (Sakaguchi and Dogome 2000) .
The same chronological layer to the culture layer I of Yokomine C site, a pebble cluster, two pits, 14 fire places, and about 50 stone tools were excavated from Tachikiri site. An AMS date for this site is 30,480 ± 210 BP.
The Ushiromuta site also has many grinding and pounding stones from culture layer III, and four AMS dates are available from 30,290 ± 200 to 28,900 ± 150 BP ). These industries are very different from other parts of Japan (Tachibana 1999) and they suggest that the early Upper Paleolithic people had adapted to the plant resource acquisition strategy. This should be a key to discuss the possibilities of a southern route of peopling modern humans to the Japanese islands.
CONCLUSION
We discussed mainly the determination of the chrono-stratigraphic sequence of the Upper Paleolithic of the Japanese islands by 14 C dating. Recent progress and the increasing number of AMS dates bring about a new horizon in 14 C dating for a whole range of the Upper Paleolithic. High-precision 14 C dates and their calibration lead us to new critical issues with particular reference not only to the framework of the Pleistocene/Holocene transition, but the Paleolithic/Jomon transition. In this paper, 14 C dates have been discussed with uncalibrated ones. When the calibration applied to the earliest pottery such as the Odai-Yamamoto I site, the dates calculate between 16,500 and 16,000 cal BP. This suggests that the earliest potteries in East Asia are preceded by the Oldest Dryas period in terms of northwest Europe. 14 C dating is widely applicable among different disciplines. Correlations between high-precision dating, calibration, exact sampling from the sound archaeological context and their interpretations are, therefore, more critically evaluated.
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